The chemical reagents and solvents were directly used as received from commercial companies without further purification except additional notification. Compound 1 and 3 were prepared by following the literature reported procedure. S1,S2 Methyl thiohypochlorite (MeSCl) solution. To a 3-neck flask (50 mL) degassed with Argon (Ar), dichloromethane (DCM) (10 mL, anhydrous) was added, and the system was cooled down to 0 ˚C. Dimethyl sulfide (MeSSMe) (1.06 mL, 12.00 mmol) and sulfuryl chloride (SO 2 Cl 2 ) (0.40 mL, 5.00 mmol) were added successively to the solution, and the mixture was stirred at 0 ˚C for 30 min. The as-prepared MeSCl solution was supposed to have the concentration of 1 M and the solution was directly used for the next step without further purification. Compound 2. To a 3-neck flask (100 mL) degassed with Ar, compound 1 (420 mg, 1.00 mmol) and DCM (30 mL, anhydrous) were added successively. The solution was cooled down to 0 ˚C, and the MeSCl solution (1 M, 3 mL) was added slowly to the solution. The resulting mixture was stirred at 0 ˚C for 1 h, and afterwards it was quenched by slow addition of H 2 O (10 mL). The mixture was extracted with DCM, and the crude product was obtained by evaporating the solvent as light yellow powder (487 mg, quant.).
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Methods and instruments
Nuclear magnetic resonance (NMR) spectra were obtained from a JEOL ECS 400 spectrometer operating at 400 MHz for 1 H or 100 MHz for 13 C with TMS as internal reference. Single-crystal X-ray analysis was carried out on a Rigaku R-AXIS RAPID (CuKα radiation, λ = 1.541 Å, graphite monochromator). The structure was solved by direct methods. Non-hydrogen atoms were refined anisotropically, and hydrogen atoms were included in the calculations but not refined. All calculations were performed using the crystallographic software package CrystalStructures 4.2. S3 UV-vis spectra were recorded on a Shimadzu UV-3600 spectrometer. Cyclic voltammograms (CVs) were recorded on a ALS Electrochemical Analyzer Model 612D in benzonitrile with tetrabutylammonium hexafluorophosphate (Bu 4 NPF 6 , 0.1 M) as the supporting electrolyte at a scanning rate of 100 mV/s. Pt was used as working and counter electrodes, and Ag/AgCl was used as the reference electrode. Ferrocene/ferrocenium redox couple (Fc/Fc + ) was used as external reference. The ionization potentials of the materials in the thin-film state were recorded by photoelectron spectroscopy in air from a RIKEN KEIKI AC-2 photoelectron spectrometer. β-MT-NDT and β-MT-ADT were purified by the vacuum sublimation method twice before device fabrication. Organic field-effect transistors (OFETs), both single-crystal OFETs (SC-OFETs) and thin-film OFETs, were fabricated on octadecyltrichlorosilane (ODTS)-modified, heavily doped n + -Si (100) wafer with 200 nm thermally grown SiO 2 (C i = 17.3 nF cm −2 ). Single crystals suitable for SC-OFETs were directly grown on the substrates through a physical vapor transport (PVT) method. On top of the single crystals, Au (50 nm) was deposited as the drain and source electrodes through a shadow mask with the channel length (L) of 40 μm. Thin films of β-MT-NDT with a thickness of 30 nm were vacuumdeposited on the substrates at the deposition rate of 0.8 Å s −1 under ~10 −3 Pa pressure. Thin films of β-MT-ADT were prepared with the same method at the deposition rate of 0.5 Å s −1 . On top of the thin films, Au (50 nm) was deposited as drain and source electrodes through a shadow mask with L and channel width (W) of 50 μm and 1500 μm, respectively. The devices were characterized at room temperature under ambient conditions with a Keithley 4200 semiconducting parameter analyzer. Field-effect mobilities (μ) was calculated in the saturation regime and linear regime using the following equations (1a) and (1b), respectively:
where C i is the capacitance of the SiO 2 insulator, V D is the source-drain voltage, V G and V th are the gate and threshold voltages, respectively.
Thin-film X-Ray Diffractions (XRD) patterns were obtained with a Rigaku Ultima IV diffractometer with a Cu Kα source (λ = 1.541 Å) in air. Dynamic force-mode atomic force microscopic images were obtained with Nanocute scanning probe microscope system (SII Nanotechnology, Inc.) by using a canti-lever, SI-DF20 (Seiko Instruments Inc.). Theoretical calculations were carried out at the B3LYP/6-31G(d) level using Gaussian 09 program package. S4 Calculations of the transfer integrals in different molecular dimers were performed with the Amsterdam density functional (ADF) program. S5
Results and Discussion
Energy levels calculated by DFT Figure S1 . HOMO and LUMO energy levels of the β-MT-acenedithiophenes. Figure S1 shows the distribution of HOMO and LUMO coefficients of β-MT-BDT, β-MT-NDT and β-MT-ADT, respectively. Similar to β-MT-BDT, the methylthio groups in β-MT-NDT and β-MT-ADT are in the same plane with the molecular backbone, and they have certain contribution to the HOMO coefficients as well. The HOMO energy levels are gradually increased from β-MT-BDT to β-MT-NDT, and further to β-MT-ADT, while the LUMO levels decrease, thus the bandgaps are narrowed. This trend of molecular energy level and bandgap change is corresponding to the π-expansion of the molecular core backbone. Figure S2a shows the normalized UV-vis absorption spectra of β-MT-BDT, β-MT-NDT and β-MT-ADT in chloroform. The absorption edges (λ onset s) of the three compounds shift from UV-region (365 nm for β-MT-BDT) to visible-region (430 nm for β-MT-NDT and 515 nm for β-MT-ADT), as the π-backbone is extended. Thus, consistent with the theoretical calculations, the optical bandgap of the molecules is decreased accordingly. As shown in the cyclic voltammetry (CV) curves ( Figure S2b) , with the increase of π-electrons, the molecules exhibit more and more complex oxidative behaviors, i.e., β-MT-BDT shows only one irreversible oxidative peak, while β-MT-NDT has two irreversible oxidative peaks, and β-MT-ADT owns three irreversible oxidative peaks. The onset of the first oxidative peak (E OX onset ) relative to the Fc/Fc + external reference, is shifted from 0.65 V (β-MT-BDT) to 0.45 V (β-MT-NDT), and β-MT-ADT shows the lowest E OX onset (0.30 V). The HOMO energy levels of the molecules can be estimated as −5.45 eV for β-MT-BDT, −5.25 eV for β-MT-NDT and −5.10 V for β-MT-ADT, respectively. Table S1 summarized the energy levels of the frontier orbitals. The ionization potentials of these molecules in the thin-film state showed a similar trend with their HOMO energy levels determined by CV (Table S1 ). It is noteworthy that the IP of β-MT-ADT (5.1 eV) matches very well to the working function of gold (5.10 eV), suggesting that charge injection from the gold electrode to the organic semiconductor could be more efficient than the others. Single crystal data of the compounds Packing structure of rubrene The displacement direction of the molecules is slightly deflected from the long molecular axis, and in the calculation, the π-π distance is fixed at 3.5 Å for β-MT-acenedithiophenes.
Optical and electrochemical properties
To rationalize the effects of the molecular π-backbone to the intermolecular electronic couplings of neighboring molecules at specific mutual positions, t versus the displacement of the molecules in the π-stacking dimers (t c ) is calculated, since the π-stacking dimers afford the largest intermolecular orbital overlap in the pitched π-stacking. As shown in Figure S5 , the absolute values of t (without considering the phase effect) are plotted as a function of the displacement. In rubrene the 4 phenyl substituents are orthogonal to the molecular backbone, as a result, they do not contribute to the orbital overlap between neighboring molecules. Thus, only the molecular backbone (tetracene core) is included in the calculation. The actual displacement of 6.14 Å determined from crystal structure is located at the extrema in the displacement region of 4.5 Å to 7.5 Å, which is consistent with J. Brédas's report. S6 In the plot of β-MT-BDT, there is a broad plateau with the displacement ranging from 3 Å to 7 Å. The actual displacement of 3.98 Å, determined from the crystal structure, is located in this plateau, yielding a large t c . At this displacement, the methylthio groups in β-MT-BDT contribute significantly to its large t c ( Figure S6 ). However, β-MT-NDT with almost the same displacement of 3.96 Å is far from the extrema of t c in the displacement ranging from 2 Å to 4 Å, suggesting that the actual displacement results in a disadvantageous mutual position for β-MT-NDT to achieve a large t c . In sharp contrast, β-MT-ADT with a larger π-extension approaches an advantageous mutual position with t c close to the extrema in the region of 4.5 Å to 7 Å, in spite of its large actual displacement of 5.81 Å.
It should be pointed out that the mutual position of β-MT-ADT is very similar to that of rubrene, in which the actual displacements are both located at the extrema. The advantageousness of this type of mutual position is reflected by not only the large t values achieved along the πstacking direction, but also the possibility of lowering the dynamic disorder of the molecular crystals. In rubrene the orthogonal phenyl substituents hinder the sliding motion of neighboring molecules along the long molecular axis, and at the same time, the slight sliding motion does not change the t very much, because t is located at the extrema. This merit contributes the high mobilities of rubrene in SC-OFETs significantly based on the transient localization scenario. S7, S8 On the other hand, in β-MT-ADT, along molecular edge the existence of the S-H and S-S intermolecular interactions (indicated by Hirshfeld surface analysis and SAPT0 calculation) can also hinder the long molecular axis sliding motion of neighboring molecules, which plays a similar role as that of the orthogonal phenyl substituents in rubrene. Since in β-MT-ADT the t is also located at the extrema, the dynamic disorder in β-MT-ADT crystals can also be lowered. This is another important reason that why β-MT-ADT achieves similar high performances in SC-OFETs as that of rubrene with SiO 2 as dielectric layer. Figure S6 . HOMOs (isosurface value: 0.03 au) for the dimmers in the π-stacking columns in the top-view ((a), (b), and (c)) and side-view ((d), (e), and (f)). Figure S10 . Transfer curves in saturation regime (a), output curves (b), gate-voltage dependent mobilities (c), hysteresis curves (d) and transfer curves in linear regime (e) of the rubrene based SC-OFETs. The device showed mobilities of 1.91 cm 2 V -1 s -1 (ave., max of 2.32 cm 2 V -1 s -1 ) in linear regime, which are reasonably agreed with the mobilities in saturation regime. Figure S11 . Transfer curves in saturation regime (a), output curves (b), and gate-voltage dependent mobilities of β-MT-BDT based SC-OFETs as reported in previous work (Chem. Commun., 2017, 53, 9594-9597) . Hysteresis curves (d) and transfer curves in linear regime (e) of the SC-OFETs. The device showed mobilities of 0.14 cm 2 V -1 s -1 (ave., max of 0.21 cm 2 V -1 s -1 ) in linear regime, which are reasonably agreed with the mobilities in saturation regime. Figure S12 . Gate-voltage dependent mobilities (a), hysteresis curves (b) and the transfer curves in linear regime (c) of the β-MT-NDT based SC-OFETs. The device showed mobilities of 0.12 cm 2 V -1 s -1 (ave., max of 0.21 cm 2 V -1 s -1 ) in linear regime, which are reasonably agreed with the mobilities in saturation regime. Figure S13 . Gate-voltage dependent mobilities (a), hysteresis curves (b) and the transfer curves in linear regime (c) of the β-MT-ADT based SC-OFETs. The device showed mobilities of 1.86 cm 2 V -1 s -1 (ave., max of 2.21 cm 2 V -1 s -1 ) in linear regime, which are reasonably agreed with the mobilities in saturation regime. Table S3 . Averaged reliability factor of the SC-OFETs. β-MT-acenedithiophenes and rubrene form lamellar structures in the crystals and adopt the "edge-on" orientation on the substrate. The charge carrier transport can be regarded as a 2D transport behavior within the basal stacked molecular layers, which is along the b-c plane as judged from the crystal structures of β-MT-acenedithiophenes and rubrene. Within the molecular layer along a specific conducting direction, carrier transport can be determined by combining the electronic couplings from all the hopping pathways. The anisotropic mobility of the materials was calculated on the basis of the semi-classical Marcus theory with the parallel dimer hopping pathway as the reference axis.
Characterization of the single crystals
The transistor curves of the SC-OFETs in linear regime
In the conducting layer of β-MT-acenedithiophenes and rubrene, there are three types of hopping dimers, T p (parallel dimers), T 1 and T 2 (transverse dimers), (red arrows in Figure S14 ). The reference axis is along the T p hopping path, and the angles (θ) between the hopping paths (T p , T 1 and T 2 ) to the reference axis are extracted from the crystal structure. To a specific conducting channel (orange arrows in Figure S14 ), with an angle (φ) to the reference axis, the angle between each hopping path and the conducting channel can be calculated as (ϕ). Thus, the projection of the transfer integrals to the conducting channel from each hopping path can be calculated from ϕ, which gives the combined hopping along the conducting channel, and the anisotropic mobilities referring to the reference axis can be calculated. S11 The electronic hopping rate (k ET ) is given by the Marcus-Hush equation (2):
where λ is the reorganization energy, t is the transfer integral, and T is the temperature (300 K in this calculation); h and k B is the Planck and Boltzmann constant, respectively. The λ of the molecules was calculated by using the adiabatic potential energy surface method in equation (3):
where E o * , E o , E + * , E + , represent the energies of neutral in cationic geometry, neutral in neutral geometry, cation in neutral geometry, and cation in cationic geometry, respectively. For details, refer to the literature. S10 The geometries for the isolated molecules in the neutral and cationic states were optimized using the B3LYP/6-31G(d) and (U)B3LYP/6-31G(d) level, respectively, with Gaussian 09 program package. The hopping probability regarding to each hopping path can be calculated as by equation (4):
where i represents a specific hopping pathway. Considering in this calculation the charge carrier mobility is calculated along a specific direction, thus the charge carrier transport is a one dimentional behavior. The diffusion coefficient D of the charge carriers can be calculated by equation (5):
where r i represents the hopping distance (the distance between the centroids of the dimers).
The drift mobility of charge carriers was derived from the Einstein relation shown in equation (6):
where e is the electronic charge. The projection of all the hopping paths leads to the charge carrier mobility (μ φ ) along a specific conducting channel as:
For rubrene, μ φ is as:
= 0.015cos 2 (63.23 -) + 0.015cos 2 (63.23 + ) + 7.67 cos 2 ( )
For β-MT-BDT, μ φ is as: = 0.0057cos 2 (69.08 -) + 0.0057cos 2 (69.08 + ) + 2.81 cos 2 ( )
For β-MT-NDT, μ φ is as: = 0.0077cos 2 (73.20 -) + 0.0077cos 2 (73.20 + ) + 1.62 cos 2 ( )
For β-MT-ADT, μ φ is as: = 0.38cos 2 (67.41 -) + 0.38cos 2 (67.41 + ) + 12.27 cos 2 ( ) (11) As summarized in Table S4 , β-MT-BDT has a moderately large λ (160 meV), and as the π-backbone of β-MT-acenedithiophenes increases, λ decreases to 116 meV for β-MT-NDT and 95 meV for β-MT-ADT. This is remarkably different from the rubrene case; λ of rubrene is reported to be 159 meV, which is close to that of β-MT-BDT and much larger than those of β-MT-NDT and β-MT-ADT.
The β-MT-acenedithiophenes show anisotropic charge carrier transporting behavior similar to that of rubrene, and the most efficient conductive direction is along the π-stacking, i.e., the crystallographic c-axis direction ( Figure S14 ). The theoretical mobilities in β-MT-BDT crystals are in the range of 0.010 to 2.81 cm 2 V −1 s −1 . Although the largest t in β-MT-BDT is as large as 78 meV (i.e., t c ), the relatively large λ limits the charge carrier mobility in the solid state. The λ of β-MT-NDT is much smaller than that of β-MT-BDT, but the smaller intermolecular electronic coupling (t c = 45 meV) yields lower theoretical mobilities (0.014−1.62 cm 2 V −1 s −1 ). β-MT-ADT shows the highest mobilities (0.65−12.38 cm 2 V −1 s −1 ) among the β-MT-acenedithiophenes, reflecting the fact that the compound has both the largest t and the smallest λ among the series. The theoretical mobility of rubrene is calculated to be 0.024−7.68 cm 2 V −1 s −1 , which can be understood as an outcome of its larger t and λ than those of β-MT-ADT. The empirical mobilities have the same trend as the theoretical ones, and the former are slightly lower by severalfold than the latter, indicating that the present SC-OFETs are mostly of good quality. Figure S15 . Calculated anisotropic mobilities of the molecules in ideal crystals (the 0° and 180° directions are along the π-stacking direction (crystallographic c-axis for the β-MT-acenedithiophenes and b-axis for rubrene ( Figure S14) ). The thin films of β-MT-BDT consists of isolated crystalline grains, and because of this discontinuous thin-film nature, no thin-film OFETs were fabricated. Thin-film OFETs of β-MT-NDT showed average mobilities ca. 0.011 cm 2 V −1 s −1 ( Figure S16 ). The crystallinity of the thin films was confirmed by the two peaks in the out-of-plane X-ray diffraction (XRD) patterns, which could be assigned to 100 and 200 ( Figure S17 ). From the AFM image of the thin films large crystalline grains (ca. 0.5 × 0.1 μm) were observed, and the surface of the thin film is very rough with roughness up to RMS ca. 16.6 nm ( Figure S18 ). The average mobilities of β-MT-ADT based thin-film OFETs are ca. 0.047 cm 2 V −1 s −1 ( Figure S16 ), which is around 4 times higher than that of β-MT-NDT. The diffraction peak assigned to 100 in the XRD pattern suggests that the thin films are crystalline ( Figure S17 ), which was also indicated by the AFM image, showing clear crystalline grains ( Figure S18 ). Note that as same as in the single crystals, both β-MT-NDT and β-MT-ADT adopted "edge-on" molecular orientation in the thin film, determined by the XRD patterns. Even though the size of the crystalline grains in β-MT-ADT thin films is quite small (ca. 0.05 × 0.1 μm), the surface is still very rough (RMS ca. 16.2 nm). Table S4 summarizes the detailed parameters of the thin-film OFETs based on the molecules. 
Thin-film OFETs
